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SECTION A (20 MARKS)

Ql (a)

(iD

(b)

A new quality improverment process is started in Kiyoh Industries, and the sum of
the sarnple standard deviations for 25 subgroups of size 4 is 750 with the

specifications of 700 + 80.

(D Determine the process capability (Cp).
(2 marks)

Calculate the Cpl value for the information given in Ql(a) when the prosess

average is 700,740,780 and 820. 
(2 marks)

The net weight of a soft drink is to be moritored by t and R control charts using a

sample size of n = 5. Data for 20 preliminary samples are shown in Table Ql(b).

Table Ql(b): Soft drink weight

Sample
Number

Xr XZ Xl X4 15

1

2

3

4

5

6

7

8

9

l0
II
I2
l3
l4
15

16

I7
l8
l9
20

l5.8
16.3

16.1

16.3

16.I

16.1

16.1

t6.2
16.3

16.6

16.2

15.9

t6.4
16.5

t6.4
l6

t6.4
l6

r6.4
16.4

16.3

15.9

t6.2
t6.2
l6. t

15.8

16.3

16.I

16.2

t6.3
16.4

16.6

16.1

\6.3
16.I
r6.2
16.2

t6.2
l6

t6.4

t6.2
15.9

16.5

15.9

t6.4
r6.'7

16.5

t6.2
1,6.4

t6.4
15.9

16.'7

16.6

t6.2
16.3

16.3

16.4

1,6.4

16.3

16.5

t6.l 16.6

t6.2 16.4

t6.4 16.3

t6.4 16.2

16.5 16

16.6 16.4

16.1 16.5

16.1 16.3

16.3 16.5

16.1 16.5

16.3 16.4

t6.2 16.5

t6.4 16.l
16.3 16.4

16.2 16.2

16.3 t6.2
16.3 16.2

16.5 16.1

16.4 16.4

16 15.8

Calculate the grand mean,

Calculate the ave.age range.

(D

(iD

(2 marks)

(2 ma*s)

2
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(iiD Estimate the standard deviation. Refer to Appendix I for subgroup size.
(3 maiks)

(iv) Assume that your business is operating at the three-sigma quality level.

Determine the upper limit (UcL), cental limit (CL) and lower Limit (LCL)
for t and R control charts.

(3 marks)

(v) Plot on the gaph paper the f and R control chan based from the Ql(bxiii)
calculation.

(6 marks)
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sEcTroN B (80 MARKS)

Q2 (a) Besides X and R charts, there are sevetal control charts for variables that can be used

in quality inspection.

(i) State TwO (2) additional contol charts for variables
(2 ma*s)

(iD Differentiate between continuous processes and batch processes.
(5 marks)

(b) Explain the use ofmulti-vari chart in improving products and services quality.
(7 marks)

(c) Table Q2(c) presents the shampoo weights in kilograms,

Table Q2(c): Shampoo weight (kg)

Subgroup X2

1 24.97 25.01 25.00

2 25.08 25.06 25.09

3 25.03 25.04 24.98

(D

(iD

Determine the central lines and control limits for Z and

subgroup size of3.
MW chans with a

(2 malks)

Calculate the plotted points for the following three subgroup, ifthe target t is

25.00 and target R is 0.05.
(2 marks)

(iiD ldentify ifany points is out ofcontrol.
(2 ma*s)

Q3 (al Company X is an electonic circuit board manufacturer in Malaysia. Quality control

unit has been assigned to take samples of the circuit assemblies to monitor the case

of nonconforming. The data in Table Q3(a) shows the number of nonconforming

circuit board assemblies in samples ofsize 100.

4



(b)
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Table Q3(a) : Noncolforming circuit board

(1) Plot a fraction nonconforming control chart.
(8 marks)

(iD Assume the assignable causes can be found.

Illustrate the revised control limits, if any points plot out ofcontrol
(8 marks)

The manufacturer wishes to set up a conbol chart at the final inspection station for a

gas water heater. Defects in workmanship and visual quality features are checked in

ihis inspection. For the past 22 working days, 176 water heaters were inspected and a

total of 924 nonconformaties repoded.

(i) Suggest ONE (l) control chart that is
information for the company.

(iD Calculate the control limits and central line
22 days of inspection data.

suitable based from the given

(2 marks)

that are consistent with the Past

(2 marks)

Q4 (al (D State TWO (2) important aspect ofsampling
(4 marks)

It is desired to have a single sampling plan where the risk ofrejecting a l 0%

nonconforming lot is 0.05.

Determine the sarnple size for an acceptance number of 3.
(2 ma*s)

Sample
Number

Nwnber of
Nonconforming

Assemblies

Sample
Number

Number of
Nonconforming

Assemblies

I

2

3

5

6
'1

8

9

10

'7

I

3

6

8

l0
5

2

7

ll
t2
t3
t4
15

l6
t7
l8
t9
20

6

l5
0

9

5

I
4

5

7

1,2

(iii)



(b)
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Table Q4(b) shows the operating charactedstics (OC) cuwe values. Determine the
average outgoing quality (AOQ) curve foi N = 2000, n = 50, c = O and p, the quality
ofincoming lots is 0.03.

(2 marks)

Table Q4(b): Operaling characteristics (OC) curve values

P Po
Fractioo n Probatilitv d eccoltarce d the lot

0.01 0.9984
0"02 0.9822
0.03 0.9372
0.04 0.8509
0-05 0.76t)4

006 0.6473
0-07 0.5327
0.08 0.1253
0.09 0"3303
0.1 0.2503
015 0.0i15

0.2 0.0057

Dixar company ships a component in lots with the size, N = 3000. The acceptable

quality level (AQL) has been established for this product at loz.

(D Assume the general inspection level ll is appropriate.

Calculate the normal, tightened, and reduced single-sampling plans for this
situation ftom MIL STD 105E master table in Appendix IIl, IV and V
standard by using the sample size code table in App€ndix II

(3 marks)

(ii) Calculate the normal, tightened, and reduced single-sampling plans using
general inspection level I and MIL STD l05E master table in Appendix III,
IV and V. Refer to sample size code table in Appendix IL

(3 marks)

(iiD Explain the switching rule procedues between normal, tightened, and reduced

inspection, based on MIL STD 105E with ao appropriate diagram.
(6 marks)

Identify FOUR (4) objectives ofthe experimental design.
(4 marks)

Draw a general model of experimental desigl based on aDswer irl Q5(a).
(4 marks)

for designing an

( 12 marks)

Qs

(c)

(a)

(b)

(c.) Discuss the recommended procedure ot ptocesses involve
experiment as outlined by Montgomery (2009).
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An electronic component in a dental x-ray system has an exponential time to failure

distribution with ,1 = 0.00004.

(r) Calculate the mean ofthe time to failure.
( I mark)

(iD Calculate the variance ofthe time to failure.
(l mark)

(iiD Calculate the reliability at 30,000 hours.
(2 marks)

A synthetic fibre is stressed by repeatedly applying a particular load Suppose that

the number of cycles to failure has an exponential distribution with mean 3,000

cycles.

(i) Determine the probability that the fibre will break at 1,500 cycles.
(2 marks)

(b)

Detemine the probability that the fibre will br€ak at 2,500 cycles.
(2 marks)

(c) Suppose that n = 20 units are placed on test and that five ofthem fail at 20,25' 40,

75, and 100 hours, respectively. The test is terminated at 100 hours without

replacing any ofthe failed units. Table Q6(c) shows the failure time and numbers of
failed units.

Table Q6(c): Failue time and numbers offailed units

Failure
time

Failed
units

20

25

40
'75

100

I
I
I

I
1

: 100 l5

(D Calculate the failure rate.
(4 marks)

The outputs from a FMEA may include documentation for each system, subsystem,

process, or service and recommendations for design changes or corrective actions'

(D State TWO (2) basic steps in a failure mode and effects analysis (FMEA).
(2 marks)

(iD The risk priority numbers (RPN) have three components, known as severity'

occurence and detection Calculate the values of the RPNS from the

information given in Table Q6(d).
(4 marks)

(iD

(d)



BP824303

Table Q6(d)i FMEA

PotentialFailure Severity Occurence Detection
4 2 I

2 5 5 4

3 9 3 4

4 4 4
t0 9 6

6 2 3 4

7 I 4 4

8 7 5 2

9 8 2 l
l0 5 5

(iiD Re-arrange the values ofthe RPN in Table Q6(d) accordingly based on

priority in developing corrective actions for potential failures
(2 marks)
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Appendix I

FINAL EXAMINATION

SEMESTER / SESSION : SEM ll / 201 l/2012 PROGRAMME : 2 BPB

couRSE : oUALITY coNTRoL couRsE coDE : BPR 24303

I'ABLE B F&clors for Compudng Cetrtrsl Line€ and 3o Control Llmits for x, r, and R Cbarts

CEART T{)R
AVERAGES

FAC!1oRS F1OR

CONIROL LIMITS-T---T--- ;

CHART FOR STANDARD DEVIATIONS CEART FOR RANGF,S
OBSERVATIONS

IN
sAMPtt, ,!

FACnoR fOR FIICTORS FOR
CENTRALIIND CONTROLLIMTTS

-a- 
4----8.:--85

FACIIOR FON,
CENTNAI LINE FACIIORS FOR CONTROL LIMITS"---6-'vr----D | --D;'-D::-'T;

2
3

'l
8

9
l0

ll
lz

14

l5

l6
t'l
t8
19

20

2.659
t-954
r.628
t.427

L2a7
Lta2
1.099
1.o32
o.915

o.921
0.886
0.850
0.81?
0.789

o.761
o,739
o.718
o.698
o.680

2.121 1.880
r.732 r.C23
Lsu 0.729
t.342 0.5n

1.225 0.43
r.134 0.419
1.061 0.373
r.om 0.337
0.%.9 0.308

0.905 0.285
0.866 0.266
0-832 0.249
0.802 0.235
0.775 0.223

0.750 0.2t2
0.724 O.m3
0.107 0.194
0.688 0.187
0_671 0.180

o.1979
0.8862
o.9213
o.9.()0

0-9515
o.9594
0.9650
0.9693
o.9727

o.9754
0.9776
o.n94
0.9810
0.9823

o.9835
o.9845
0.9854
o.9862
0.9869

o 3.267

0 2.568
o 2_266

0 2.089

o.o30 1.9?0
0.118 r.882
0.185.1.E15
0.239 t.161
o.2a4 L7t6

o.32t t.679
0.354 1.646

0.382 1.618

0.406 1.594
0.424 r.5'12

0.448 r.552
0.,166 1.534
0.482 1.518
0.497 t.503
0.510 1.490

o Lffi
o ?.276
0 2.088
o l_964

0.029 l-874
0.1t3 r-806
0.179 t.751
0.232 1.797
0.276 t.669

0.313 1.63'l
0.346 1.610
0.374 1.585
0.399 1.563
o.42t 1.544

o.4$ 1.526
0.458 l.5l I
0-473 7.496
0.490 1.483
0.504 1.4?0

0.853 0
0.888 0
0.880 0
0.861 0

0.848 0
0.433 0.m4
0.820 0.388
0.808 0.s47
o.7v7 0.687

0.787 0.811
0.778 0.922
0.770 r.025
0.763 l.l t8
0.756 1.203

0.750 r.82
0.744 1.356

0.739 r.424
0.734 t.487
0.729 t.549

t.128
1.693

2.O59

2.3?6

2.534
2.1U
2.447
2.970
3.078

3.173
3.258
3.336
3.47
3-472

3332
3.588
3.6,10

3.689
3.735

3.686 0
4.358 0
4.698 0
4.918 0

3.261
2.514
2.242
2.t14

5.q/8 0 2.W
5.2D4 0.916 r.gu
5.306 0,136 1.864
5.393 0.184 1.816

5,469 0.223 1.171

5.535 0.256 |.744
5.594 0,2A3 L7r7
5.&'t 03al L693
5.686 0.328 1.672
5.741 0.341 r.653

5.',142 0.363 L-637
s.am o37a 1.622
5.856 0.391 1.608

5.891 0.403 1.597
5.921 0.415 1.585

9
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Appendix Il

FINAL EXAMINATION

SEMESTER / SESSION : SEM ll /2012/2013
COURSE 1 QUALITY CONTROL

cen€.al Inao.ctlon Lcvots

PROCRAMME : 2 BPB
COURSE CODE : BPB 24303

tl

B

c
D
E

F

H

K
L

M
N

P

a

sdmple Size code

Lot or Batch slza

2toa
9to15
16 to 25

26 to 50

51 to 90

9l to 15O

151 to 2aO

241 to 5OO

5()] to 12OO

lml to 3zx)
3201 to 1O,OOO

1o,oo1 to 35,(XX)

35,OO1 to I5O,OOO

15o,OO1 to 5OO,OOO

5OO.OO1 and ower

sTD t O5E. Tqbl€ t)

Sp€.lal InaP€cilon Lowla
|lt

B

c
D

E

H

J

K

L
M
N

a

s-4

B

c
c
D
E

G

G

H
I
I
t<

I

B

c

D
E

G

rt
J

K
L

M
N

s-3

B

E

c
c
D

D
E

E

F

G

H

s-l

B

B

B

B

C

c

c
D
D
D

s-2

B

B

B

c
c
c
D
D
E)

E

E

E

l0
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Appendi.r [I

FINAL EXAMINATION

SEMESTER / SESSION : SEM ll / 201212013

COURSE : QUALITY CONTROL
PROGRAMME :2BPB
COURSE CODE : BPB 24303

Moster Toble for Nofthol Inspedion for Single-Somplins (U.5. Deporrmeni
of Defense MIL STD lOsE, Tqble ll-A)

+ = u- n'*.-r'rq d- !.r". ||'w. nryr. rb{sL(dc&. hdhh 
't!4 

& ro* tsFdr...
G =u-a.-+rrrr-a.-'-.
&'^dnm-.b.
iG - rsri-t6.

]|qbth a! l' k'.r. (Dd r!a.er)

<:>

t]

11

il

i] I
{1 u bq u
a <->I +

+ <>
<]'

+

tl
tl

t]

5
{}

<->+ <>
ff
tl
tl
U

5 <>
I u

t 1Iil 1l

ll



FINAL EXAMINATION

SEMESTER/ SESSION :SEMll / 2ot2/20t3
COURSE : QUALITY CONTROL

PROGRAMME : 2 BPB
coURSE CODE : BPB 24303

,{osrer Toble for lishrened InsPection-single-SomPling {U.s. DePortmenr
of Delense MIL sID IOsE, Table ll-a)

+ - u- rd.,."rri| rh br". .- r '-p'. & !q.r,4 ' dd6. ri ' td &e 6 @r k"Fh
O - u- er-.?er 

"-."r 
@.

}.^...'tcnln..'

Adt L ari.r k!d, (dtbl lq.d-)

o
tl o

0
IU

{1
I
I 0 & dt

o o
o o

{1 u
og

frG {}

BPB 24103

Appendix IV
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Appendix V

FINAL EXAMINATION

SEMESTER / SESSION : SEM ll | 2012/2013
COURSE : QUALITY CONTROL

PROGMMME : 2 BPB
COURSE CODE : BPB 24303

trtqsrer rable for Redu.ed l.sPedion-Single-Sompling (U.S' DePorrmenr
of Delense |trIL tTD I O5E, I.|ble ll-C)

+ - u- h'..ro..,'- &r"- .-- r q..d. d'.rdr a s...d' h d bd t&4 & rc e4"rkn

G - u- a.qo.r a- *-.-'

& - r+db-&.
bd.....4&6ndr6r|t& . tn Eb,e 6Dd rE*rd

^dr.*<lrdt 
|d (rJBd r4drdr

ll
tl{>

il
ll

{}
G

II l {} G n +
G <>+ *+

+
{}

G g
G G *4

1I
+ Gg g

iIo f-}
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ApDebdir VI
FINAL EXAMINATION

SEMESTER / SESSION : SEM II / 2OI2I2OI3
COURSE : QUALITY CONTROL

PROGRAMME : 2 BPB
COURSE CODE : BPB 24303

Process Capability Cp Cpk
USL_ LSL

6oo

Minl(USL- X) or (X - LSL)

3o

TrialCenlral Line and Cotrtrol Limits

UCL7=X+AlR UCLR= DtR

LCLI=X-'4'P LCLR=D4

Revised Central Line and Cootrol Limits

- tr-R,
c- 9,1 E- 9a

Trial Central Line and the Control Limits

- lnp
'- Z"

l=-- -.
ucL=e$l+P)

F.:--=
LcL=p-3lP\t-Pl

tx t4
--X=') and R=L

cg
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etrdix VII
FINAL EXAMINATION

SEMESTER/SESSION:SEMII/201212013 PROORAMME :2BPB
COURSE : OUALITY CONTROL COURSE CODE : BPB 24303

Tbe Revised CeBtral Line and Control LiDits
lnp-np,
Ln-n"
r:L

UCL=po+3,1ry
tt?

LCL = po -3
po1 - Po)

n

Trial CeDtral Line and The Control Limits
sx; - \'s 7

; = 
/',=,'' V,_L.'"'gc

UCLI=Ya4" UCL"=&s

LCL" = X- Ats LCL= &s

Revised Limits for s chart

Deviation Chart

#s1.3

Z atd MW charts
X - Target X

Target R

MWial= Zi'Zi1y

8-8d

- 
ls-s7 ro

J0=J,d=:-
8- 8,t ca

UCLr =Vo+ Aoo UCL" = B6oa

LCL, =Va - Aoo LCL" = B5oo

15
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ADD€ndix VIII
FINAL EXAMINATION

SEMESTER / SESSION : SEM II / 20112012
COURSE : QUALITY CONTROL

PROGRAMME : 2 BPB
COURSE CODE : BPB 24303

Variarc€ ofthe time to failure

Reliabilitv function

Probability function failure before the mesn life

Instantaleous Failure Rate

h(t) = a tiatt+(n-r)r

-END OF QUESTION-
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